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(711) We, The British Petroleum 
Company Limtted, of Brhannk: Hkmbc, Moor 
Lane, London, E.C2, a cosnpany siKxnp^ated 
tin Q)aconda!Qce with tf^ Jjsews otf Knglland, do 

5 herdby declare the inventiOTi for -^^Amh we pray 
tto a paiteDit may be granted (to us^ 'md thie 
itneiiMd by ■w5«idi it is to be tperfanmed to be 
psartBcuBaiity described in and by iSbe (foJflowimg 
statonaent: — 

10 TMs inraitron relates to msodiBed oileojjhiiKc 
gr^pbffcc, nKwe pammtairfy it ictees to olecv 
phdBc graphite having polymers adsorbed on 
die siHface. 

Oleopaijiic graphite ds prepared by griodling 

15 a natural or synthetnc graphste ■below' the sur- 
face of an d^ganiic MqiM tsil a ^iniace asea 
df at 'least squaie anetics |per gram is 
attained. 

(Meoph£&: :^^hite prefex^ly has a heat 
20 Off udsosiptfttti of n-dotnaoootane ifirom ii-hq>- 
tane cf at least 700 miillicalories per ^am 
and a heat of adsorption of 9»4>utanol fran 
n-heptane Ksi less than 200 loa&raitories per 
gi!aan. 

25 The heats of adsofCtptocm can be measured 
using a Flow AiicxY>HcalonaKto as descsdbed 
in aKamsta7 >and Industry 20di Atocfh, 1965 
p.p. 482, 

Prq)asratfan of x^ph^ graplxpto by gimd- 
30 ing gr^xhke ia an oigantR: Hqdd is descxibed 
in U.K. Patent 1,16B,78^5. 

OQeopMic giraphdte ihas ^ tproperty of 
ihjcfcenisg iMxnksiting o3s into gmeases and 
this use of oleophilic graphite is descat&ed 
35 in U.K. Pateaxt l;l'68,78'4. 

In Older <to thidcen a Idbiicatdng oil into a 
g^tase tiang oieopMic graplKCe ft is jwoessaiy 
to dispexse die o^eopfadlsc grafidiite in ihe oM, 
and U.K. Patsnnt Atppdtena 15980/^ ^jed- 
40 fication No, 1,2^,451 descxoibes a oonianiious 
medKxi of forming a grease. 

We hsive xtow found t^t okophilk: graph^e 
can be vendeiced more easiiy dfepei^le in. 



hihricating oils by adsoibing on its smlfece 
certain fxodyttners. 

Acoording to the inventrcHi ictere ds pwmded 
a modified oleoph&jtic gratp^ te hami^ adsostbed 
on its sinface a siibsreanda^ strai^ diasn 
poilymer. 

Tlie iirvention aJso provides a MjiicaiCiag 
oompoeiOHHi wl^:h comipriseis a « i M!i ^ pr }t| or 
synttredc base oM containing a nRxlified xHco- 
pMKc graphite as above. 

By siBbstantaa'Hy straigbt cfoain {ra^yaner is 
meant a polymer having a msiiifr ^r opoit^otk 
of its badtbone ooniposed of cadxm atoms, 
^ caitoa atoms in the baicMione bdoz on* 
siibsttttuted or subsckited by oae meifliyl sub- 
5tku£«t. More pxefejably Siere are no siib- 
scitiKnt groups presertt. 

Preifeiabfy t3^ {modified olaophik: grapMte 
coDtsms 'less dian 2% of die stnaigfat 

ohatn pdyuKT. Thoi^ widi higiber anofeoukr 
w^d^ pofymm e^. above a molsate 
of 500,000 more polymer may be present e^- 
less iton 51% by wri^ Pref eiaWy not cokm^ 
polymer ds present to loim a po^^vner mono- 
iayer on the graphite. 

As odier polymers can affect die properties 
of (the -^aiphke in a dif^ereot way to stniSs^t 
chain pd^^msrs it Ss ^^o^^tXk to ham otiier 
polymers present in die mod^ed okoplnSic 
gtap^te. 

BoqIi natura;! and syndietsc "graphite aie 
weft-known and leadfly avasilabile. The syn- 
^Ktic matedal ds, for esaanple, produced l&om 
peiirc^eum ocfe by heatmg :to from '1000^ )to 
3000*^ m a vacuum or inert gas. TypdcaiHy it 
contakis t&om^ to 100% wt. caibon. Tlie 
nasural material may have % sls^s^ lower 
caibon content iban dus and usualUy has a 
teger crystai size. 

01eopfoi&: graphite can be obtained by 
gmndii^ an organic Kqukk bmt it ib desirabfe 
to use one the 'birik of which can be easily 
fremoyed from the oleophiHc graphite. Those 
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liquids cKsBlIing bdcw 5C0°C and having a 
viscosity below 600 centistokes at 100°F 
(38-Q are therefore preferred. Liqmds having 
a surface tension below 72 dynes/cm^ prcfer- 
5 ably from 10 to 40 dynes/cm., at 25^C axe 
•preferred. 

Suiiable organic liquids are hydrocartxHis, 
induding straight-chain or branched-diain 
saturated or unsaturated aliphacic, saturated 

10 or unsaturated, substituted or imsdjsdmted, 
cydoaliphatic and siibstiDited w unsubaikuted 
aromatic compounds preferably containing up 
to 10 carbon atoms. Examples of sudi com- 
pounds are n-heptane, octenc-2^A4-tri- 

15 methvlpoitanc, cyclohesane, benzene or 
toluene. Branched chain aliphatic compounds 
are paticul'ajiy preferred Other suitaWe 
" organic liquids are paraflSmc hydrocaibcms 
obtained by distillation of petroleum e. g. vMt e 

20 spiiii-and also those compounds 'wiirdi coocain 
fittorine, chlorine, or pho^honis and chlorine, 
for example, carbon tetrachloride. 

Other sutr^le (H-ganic liquids are the prfar 
oxygen compounds such as isoprc^l zlcohoL 

25 Silicone fluids can also be used. 

For best results, the amount of graphite m 
the graphite/organic Hquid mixture should 
not exceed 50% wt: preferably it should be 
from 2—20% wt. 

30 The grinding may be earned out in any 
suiTable grindnig mill or desrooe and grinding 
is continued until an oleophilic giaphiife having 
a surface area (as detennincd by nitrogen 
adsorption) of at 'least 20, prefera% at least 

35 30, square metres per gram is obtained. Usuadly 
this can be achieved by gnodii>g^ at normal 
temperatures for the requwed period but li» 
temperatiae of ^e mixture may be arttficaafiy 
increased ^ desired, for example, up to 400*>C 

40 In this case^ liquids which have viscosities up 
to 600 centist{*cs at lOO^F (38^ may be 
used, for example, mineral lubricating oils, 
ranging from "spindle" oils to "brigjit stocks . 
One of the quickest and most effective tech- 

45 niques is to carry out the grinding in a vibffa- 
torv ball mill. 

Air prefer^y is excluded so far as possible 
during die grindmg operation and ihis can be 
most easilv achieved by filSng the miH with 

50 the organic Mqmd first, fbilofwcd by Ae baBs 
and graiphrte. A suitable procedure is to fill 
ihsi mai* with liquid, add hatf the baSUs^ then 
the graphite and finally the rest of the balk. 
Altenmtivety a continuous drcuhdng process 

55 can be used m ^ch the grinding chamtes 
are full cf grinding liquid during the grimEi^ 
Wbea using a ball miD, it is of course desir- 
able to use bails made of a materal wlrich 
does not react with the grapbhe and whidi 

60 does not wear unduly during the grinding. 
Vibratory baU mtlls usualy contain sted baHs 
and diese are suitable for riie present purpose. 
It is praferred to use a hard grade of steel 
for the baiSs. 

65 A magnetic fiker can be used to remove 



small steel particles from the sliary. A drcu- 
latory system can also be used wherein die 
slurry is pumped through an external magneck: 
filter and then returned to the milL 

A suitable vibratory ball mill is sold under 70 
the trade name "Megapact**, Registered Trade 
M-ari: manufactured by PHaanec Limrted. The 
grindii^ effect is produced by the intact of 
the bails upon the gr^hice and upon each 
other, and the casing. 

The slurry of oloophiiic gr^>hite can be 
separated from the bails by sieving or by dis- 
placement by another liqtfid and sieving. 

As in vforatory ball ni>Hs, the greater the 
energy of grinding the higher die adswptive 80 
capacity for long chain hj^rocarfcons and the 
^eater the oleophilic properties of the com- 
pound the hi^ier energy vdbratoiy ball miiis 
and iower viscosity grinding fluids are pre- 
ferred. 85 

Preferred va>ratoiy ball mills havii^ an 
ampihiide of vibrarion of at least 2 mm and 
preferably more than 3 mm and a frequency 
erf vibratbn of at least 1500 preferably at 
least 2500 vH)ranon/min. Most preferabfy an 90 
azn^litude of vibration of 4 mm is used. 

Preferred grinding 'liquids used in vibratory 
ball mtlis have a viscosity at lOO^F (38<'C) of 
less dian 30 centistokes, more prefer^ly less 
than 3 and most preferably less than 1. 95 

The polymers whk* are used in the present 
invention are preferably olefin polymers pre- 
pared by the polymerisation of the monomer 
using a Ziegler catalyst. I^ie Ziegkr catailysts 
give rise k> a stna^t diain polymer with 100 
virtuafly no chain branching. The inferred 
pdyolefins are polyethylene polypropyfcne and 
copolymers thereof. 

Other pc^ymers that can be used -are siib- 
stimted polyolefins such as polyvinyl chloride 105 
and polyvinyl acetate. 

Preferably the polymers used have a mole- 
cuter weight of at least 10,000 and more prefer- 
ably have a molecdar weight of at least 25,000. 

Flfctfer^ly the modified oleophilic graphke no 
contains less than 1% by wdgbt of the poly- 
mer and more iweferably contains i% or 
less by weight. 

The polymer can be added to the grinding 
h'qrad before, durwg or after the grinding. 115 
It is preferable to add the polymer to die 
oleophilk: graphite in die grinding Kquid after 
grmding his finished, but before die grmdiiig 
fluid is removed, diough the polymer can be 
added during grindmg. 120 

In order to enable ready adsorpoion of the 
polymer on die graphite, ihe grinding -^fluid 
and polymer should preferably be chosen so 
diat the polymer is soliible in the grinding 
fluid, a.e. a substanrfaHy angle phase can be 125 
f ora^d of polymer and grindii^ fluid. 

In a preferred embodtmenr oi the inveaitiwi 
oil is added to the sharry oi grinding fluid 
polymer and modified oleofMic graphite and 
die grincKng fluid filtered off. Preferably less 130 
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than 20% by weigjit of o3, based on the 
weight cif graphke, is ad<led to the grinding 
•Mcpid/sliuTy mixarre so that ;the oil adided 
as adsoi^bed on the grajphite. This embodsmeut 

5 enaibhas a *<iry' graip4iite whidh comprises 
graphite 'paiticles surrounded by an oil and 
polynrer coatmg to be foumed Such a graj^ate 
IS very readily di^rsibJe in oil The ^hy* 
graip!hite csm be easily iiranspaDtBd iEFom place 

10 to iplaoe. 

The kbrecating base oil used for prepai^ng 
^Mxiicating osmipositiiQns aoxxrdimg <to ^ m- 
venidoa may be a mineirai oil or a syndiedk: 
oil. 

15 SuitdblQ mineral oils are refined imanerai oS<5 
obtained froon petroleum, (for example, tSiose 
having a visccsity at 2I10^F ■within-lihe range 
from 2 to 50 cendstokes 'preferafcly Irom 4 to 
40 centtasTokes. 

20 Syntbetic lubricating dls inscftude organic 
esters, polyglycol ethers, polypiheayl e3iers, 
fhioixdnated JiydrocaibonSy silicaite esters, 
cone oils and nsbdniies tbemtf. 
Hie flnosc important dass of syntbetrc oris 

25 ^ lihe organic liquid p^yesterSj parcknil^ly 
die neutrad polyesters^, ba^m^ a -vasoosity at 
210°*? <wxdiib ibe range ivcm 1 to 30 ceooi- 
stx^es. Hie canpression 'polyester' is used to 
mean esters baymg at 'least vm ester finicages 

30 per moifecurk. Hie expression 'neuitcar as imi 
to unean a fully este^ed paroduot. Examples 
of suit^e polyesters inokde (fiquid diesters it 
siHplbaitBC dicaxboxyfic acids aim monod^/idnc 
oicohols (lor example, dioctyl, sebacaste^ 

35 dSnonyl smcate, ccQrl mmyl sebacate;, and 
4be comespond ing azelates and '^e3a^peiises), 
liquid diesters of aHpba^ dicazboxjdic acids 
add ^jfbeools <lfor example, those de9Q:3bed m 
U.K. patents 1,059,955, .1,058,906, 1,044,550 

40 and 1,044,883), and mote oamp^ pcdyesGezs 
(for example, iose described in U.K. patent 
spodficacions ^966^697, 743,57'L, 780,084, 
861,9612, 933,721, 971,901, 986,069, 1405,965 
and 'in cK^ipending U.K. patenn: appliication 

45 31249/65 ^redfication No. 1,129,955). 

Tbei ameouot of oleophilic graphic leqdzed 
to thacken the base oi2L to form a grease 
depend on the nature of the oH and tite oofflt- 
sBStency of grease required. For mrost purposes 

50 an amounit up to 50% based <hi die fioai 
grease, wtll be used. However, it ds renmrikalbile 
dxac oleopbSiic graphite can thidcen oils to 
pnmde greases mtb very useiM poroportties at 
cancenftaaftions as 4ow as iErom 10 to 20% wt, 

55 based on ibe "fmal gjtase, and diis k tbe pre- 
feaired o(H2cenrtratk)n range. 

The gneases aocordtDg to the mvention bave 
repoarfcable holgji Drop Points. Wben abeir drop 
points are measured aboording to die IP or 

60 ASTM standard methods, diey are found to 
be above 400°F; gr^es are described as 
*infubible* and are diflScuk to produce by oon- 
ventkmai metbods. By usmg caicfulily sdeoted 
base 0^ for esample, Vj/As^ obEEs ntitb'b^ 



cxitfetion and thermal stability, greases 'having 65 
a unique combinaliion of properties can be 
produced. 

. It has been found drat greases according to 
tiie finveiTtkm respond readily to ocmentional 
•additives sudh as antioxidants and, especially 70 
for use at temperajtures above 140^C, anti- 
oxidants can be aded to i!be greases according 
to die mventiion. In certain dncumstances it 
may be advaiit^;eous 'to add di^jmaints to 
t!he graphite cit5rcr before grindiiJg or after 75 
grinding to deopb^ graphite. In ibas way die 
dispersion of the oleophilic giapiyrte may be 
iMded. Viscosity index improvers, msiai de- 
activators, and-corrosion agents etc. can ^tso 
be a^ed to the greats. Ix>ad-cmyib^ addi- 80 
dves can also be added to die greases accord- 
ing to die inveotiwi. 

It lis a feature of die present invention abac 
it enables greases to be prepared by tte rela- 
dvdy sknple means <^ dipersing die mod^ed 85 
okKjpbolic grapbite in the base oil In Gsder 
to f axafitarce the dispersion of die grapbtce lie 
oil containing die modified oleophilk: graphite 
can be siibfected to agrtadon e.g. by coward 
miffix^. In some cases it will be necessary 90 
to heat the oiT before dispersing tihe modifkd 
dteopihitlic gr^phke an it. 

Tlie invention wdti now be desctabed verth 
reference to die following examples.. 

BXAMPLE 95 

Giaipbite ms ground in a vibratory baH 
nuil sM under the trade name Me°^tpact by 
die PSlamec Co. This mill 'has an ampHtude 
of lAirstson of 4 mm and a period of vS>rat!rwi 
of 3000 v&ratrons par minute (50 cycles per loo 
seocaid). 

The finding chamber was iiikd widi wbrtEi 
spwit, die baHs and grat>hite added and die 
diamber se^ed. Tbe gnnding contmued for 
8 hours. 105 

The white spirit plus graphite nvas separated 
from the balls m die 'baH miH, and 0.5*% by 
•weigbt based on the ^vedght of giaphite, of a 
polypropylene fonnrd by polymerfekig poly- 
proi^^tene using a "Ziegler" catalyst of mole- 110 
ciilar "we^T approxhnately 180,000 adcted 
thereto. '12% by weight of BG 160/95 base 
oil (a solivent refined oil of viscosity 160 Red^ 
wood No. 1 sees at 140^F and a visoossty 
index of 95) was added thereto 'and the white 115 
^»pit ifihered off dien die graphite dried to 
^rvt a <ky grajphice. 

The above process was repeated using a 
poSyediyfcne of molecular weight of approxi- 
mately 400,000 in pjace of the polyperopyOene. 120 

The *^encapsufeted" graphite thus formed 
was dispeised in some more of the same base 
oa by stirnbg at a temperartwre of 90— illO^C, 
cooled, and greases weit formed. Tbe propo"- 
des of the greases fonned using the jwJy- 125 
propylene are ahorwn in.TaWfe 1, and "those 
usang die polyed^^fcne are ahowa in Tabfe 2. 
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Table 1 



Wt. of treated graphite 


iSc 
UswQiked 


ale PenetratioQS 

Wodced 60 strokes 


Bleed 
DTD 825 


16% 


80 


85 


9% 


17% 


83 


€8 


7.5% 



Table 2 



Wt. of treated graphite 


^ Scale Penttradon 
Worked 60 strokes 


Bleed 
DTD 825 


15% 


86 


7.5% 



Hius it can be seen that tiie present inven- 
tion enaWes a readily disfpers2>le "dry" oteo- 
5 pln& grap^te to be fonned which can easHy 
transported and added to a base oi3 to 
^oim a grease. 

WHAT WE CLAIM IS : — 

L OiexipbiHc gpaplmc prepared by grinding 
10 a natural or syndietic griphite bdow the sur- 
iacc <^ an lorgaosc iiquHi dfi a sun^ace area 
of at least 20 squats metres <per gram is 
attained modified by having adscabcd on its 
sraf ace a su^)5Cantta% straigfat chain pol3f>mer 
15 as herein defined 

2. A nrocKfied deopfoiHc gra$rf»ic as dsaaoed 
in ciaim 1 in whidi the si4>5tantially strait 
chain polymer is a prfyethyJcne, a poly- 
pwqjylene or a copolymer thereof. 
20 3. A modified oleoiAaic graphate as damied 
in olam 1 or 2 which contains less dm 5% 
by weigjit otfifae polymer. 

4. Aaiodffiedtykophafcgr^teasolaamed 
in daim 3 windi omtams less than 2% by 

25 wdght of tbe poller. 

5. Amod^edoieopiulicgraiiluteascSaBned 
4D daim 4 Which contains iess dnn 1% by 
'Weight xrf ;die polymer. 

6. A modified oleopliilk; graphite as dasmed 
30 in any one of die pttced&ig danns in wioob 

the polymer has a mdecnlar wdgixt of at least 
10,000. 

7. A modified oleofilsHc graphite as danned 
in cMsn 6 in which the polyaier has a sndle- 

35 cidar weight cf at ieast 25,000. 

8. A medKxl of pie pa i ^ Ing a di sp ers io n of a 
HTcxHiied deophiltc gr^)hite as dauned m any 
one of ctens 1—7 m which ^ su!bscamia!br 
stra^ht diain polymer, as herein defined, is 

40 added to the oigamc gpxidmg fiqmd befw, 
dnring or after grinimg. 



9. A medK>d as claimed 'in daim 8 on which 
the organic liquid has a viscosity bdow 600 
caitistokes at lOO^F, distrfls below 500<'C and 
has a smifece tension below 72 dynes/can 45 
at 25^C. 

iiO. A imerfKxi as claimed in daim 8 or 9 
in which the organic grinding >Mquid is a hydro- 
caibwi containing from 1 to 10 carbon atoms. 

11. A mediod as claimed in any one of 50 
claims 8 — '10 in 'V^ach the amount of gre^j^bste 

in ^e grapbite/ofganic grintfing Aiquid muc- 
ture is toss than 50% by weight. 

12. A mediod as dahned in cJatm 1>1 in 
Which the amount of graphite in ihe graphwe/ 55 
otgamc grinding fiqi^ mixture is fyom 2 to 
2a%!t^weigfht 

•13. A method as dakned in any one of the 
preceding claims in which the grindii^ is 
carried out in the substantial absence of air. 60 

14. A mediod as claimed in any one of 
the preceding daims in wtedi the polymer is 
a polyokfin. 

15. A ancthod as claimed in any one of die 
prececHng danos <m which the polymer is a 65 
polypropylene, a polyethylene or a copo8yimer 

of ethylene and propylene. 

16. A method as claimed in any one of 
daims 8— *15 in whfch the polymer is added 

to ihe grinding Kqmd in an amount of less 70 
than 5% by wdg^ based tm <die weight of 
graphite. 

17. A meihod "as dakned in daon 16 in 
whfch the pdymer is added to ihe grinding 
Uquid in an amount of kss than 2% by wdgfat 75 
based on the weight of graphite. 

18. A me^iod as daimed in daim 17 m 
vAjodk the po^mer is added to the grinding 
■Hquid in an amount of less ihao 1% by we^^ 
based on the wd|^ of graphite. 80 

19. A snethod as dakned m daim 17 in 
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v/tadti tJie ipolynner is <addQd to nha grandiDg 
liquDd dn an aanwim: of jess tban i>y weight 
tesed <m the wdgk df grajAite. 

20. A {method as damaed an any xxie of 4ihe 
5 iwecJQdimg daams tl9 in Ts^h i3ie grinding 

takes p!fe)oe in a v.2hratory bail mM. 

21. A method as cUmed m any one cf 
cEaans S — 20 in nnrhkii o^e polyioaer has a moil^ 
adar weagbt of at ieast 10,000. 

10 22. A mediod as dadmed an tcMoi 2(1 in 
which lihe ipalyimer 5Jas a andfecular wdgbt of 
at kast 253600. 

23. A *ni£tdiod as dakned dn any ome of die 
preoedmg daims m wlhkih a axmiscsA. or syn- 

15 thetlc ksbdoatii^ ol is added a» idie gmn^ng 
•M(^]ikl/g;capdnte/polyini&r mixture. 

24. A anediod as obaimed m dtaSon 23 in 
which less ttem 20% by weigjit of i3ie Mmr 
cstzng ibasod %m die weig^ of gn^tiute as 

20 addiod ito liie grindaii; liqiHd/gn^Me/poljiim^ 
mixftxre. 



25. A nreiihod as dadmed in ony one of 
oladms 18 — 122 in vMoh lihe modified oteoplhiilk: 
graipdiite is separated frotm the grhTdftng 'liquid. 

26. A mediod as daimed in daim 22 ox 25 
24 dn 'vMch ihc mot^ied deophslic giaphke 
and at tost some ttf liie Mntkralii^ ok is 
sepanaied i&otin die grnndfing dnpikL 

27. A msatod df pneparlng a modBfied oteo- 
fJlbxHc ^capihite .as cilaatoi in dtaion 1 as Siezein 30 
before de8cc3>cd ivstih zttferenoe to die Ex- 
omples. 

28. Modified dieoipfiitlik: graphite (prepare 
by the medHKl of ony one of daiom 25 — 27. 

29. 'LdbncatiTTg compositions compittsnzg a 35 
mineiai or syndietnc h^stkatn^ oil and a imcxiif- 
fiod deophtHk: tg;ra!p3ki>te as dasmed in sny cue 

0!f daams 1— 7 or daim 28. 

I WOOLARD, 
Agent for die App^xsma. 
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